Abstract. The response of carabid beetles to differences in tillage and chemical use was studied using four matched pairs of sites. Abundance and species richness were significantly different between treatments, but four commonly used measures of diversity were relatively insensitive indicators of change. It is suggested that the use of diversity indices in impact assessment is redundant or, when used with ground beetles, misleading.
INTRODUCTION
Diversity measures, particularly in conjunction with a specific indicator community, have been popular in studies attempting to evaluate community changes. Cairns (1974) has argued that measures that reflect community structure, such as species diversity, are more valuable than abundance of indicator species in assessing environmental conditions. Presently, various indices of diversity (see Whittaker 1972 , Peet 1974 , and May 1975 for review and discussion) are the most accessible measures of community structure.
Although it has been argued that diversity indices are of no value in comparing different communities (Hurlbert 1971) , are "answers to which questions have not been found" (Poole 1974) , and are inferior to other methods of data presentation (Green 1979) , they are still in use for measuring changes resulting from perturbations (Cairns et al. 1972 , Rosenberg 1972 , Hendricks et al. 1974 , Kempton and Taylor 1974 , Briand 1975 . Taylor et al. 1976 , Bakelaar and Odum 1978 , Vance 1979 . In general, the lack of challenges to the conclusion that pollution decreases diversity (but see Cornell et al. 1976 ) has led to the frequent use of diversity indices in the burgeoning field of impact assessment.
It is this use of diversity measures in impact assessments to which this study is addressed. In the absence of a theoretical justification for one measure of diversity over another, the choice must be made on the pragmatic basis of utility. If one measure of diversity is a more sensitive and consistent indicator of community disturbance for a group of species than I Manuscript received 20 January 1981 revised 29 December 1981 accepted 8 January 1982.
another measure, it can be usefully employed regardless of theoretical justification. Patrick (1949) and Cairns et al. (1972) demonstrated that certain aquatic communities could be effective and convenient indicators of aquatic pollution through the responses of measurements, such as diversity, of the community structure. Beetles of the family Carabidae hold considerable promise of being as effective indicators of perturbation in terrestrial communities (Freitag 1979) as diatoms are for aquatic communities, given that a suitable measure of response is established.
Carabids, or ground beetles, are easily sampled, occur in abundance in many habitats, respond rapidly and measurably to disturbance, and represent an integral part of ecosystem functioning by serving as important links between several trophic levels (Thiele 1977) . They are a particularly important component of the litter fauna. Carabids have already received some use as indicators of perturbation. Freitag et al. (1973) related decreased abundance of ground beetles to the pollution effects of a paper mill. Lavigne and Campion (1978) reported increased numbers of carabids in grassland perturbed by addition of water and nitrogen.
Soil insecticides have been shown to have positive and negative effects on ground beetles (Esau and Peters 1975, Gholson et al. 1978) . Dritschilo and Wanner (1980) have demonstrated that differing farm management strategies result in changes in abundance and species richness of ground beetles.
This study examines the utility of several common indicators of community structure when used in conjunction with studies of ground beetles. The situation examined is one that may reasonably be expected to arise in impact work: identification of cryptic, shortterm changes to the environment. The agricultural habitat used for the study had several advantages. It allowed for strict control of parameters that may have affected ground beetle densities, such as differences in soil types, microhabitats, or previous crops, but that were extraneous to the differences in farm management practices studied. It also represented the type of man-manipulated environment common to studies of environmental impacts, rather than the pristine environments ecologists normally study.
METHODS
Four pairs of Midwestern grain farms were studied.
Each pair differed in that one farm was managed in a conventional way, the other organically, without chemical fertilizers or pesticides. Conventional farmers also had a tendency to till less often but with heavier equipment. Soil types, location (all fields studied were adjacent to each other), crop type, previous crop, planting date, and variety of corn in the sites studied were identical for each farm in a pair. Each of the pairs of sites therefore represented identical habitats with two major differences: (1) the use of chemicals, and (2) Ground beetles were collected in pitfall traps during April, June, and late September-October sampling periods. Only data obtained during the period of greatest abundance, June, is discussed in this study. Trapping efficiency was not affected by differences in microhabitat during the June period, as both sites in a pair appeared remarkably similar up to this time. Ten traps, fashioned after Morril (1975) , were placed at 10-m intervals at each site, and beetles were removed every 24 h for two successive days at sites 1 and 2; three successive days at sites 3 and 4. Further specifics on the fields studied are given in Dritschilo and Wanner (1980) . The equations used and definitions of terms are given in Southwood (1978) .
Differences in abundance between sites in a pair were tested for statistical significance using Student's t on data transformed as x? 1 (due to zeroes in data).
Differences in abundance between pairs and in species diversity measures were tested for statistical significance using Student's t for paired data.
RESULTS
A complete list of species collected and abundance at each site is presented in Table 1 . A mean per site of 70 carabid specimens (range 24-164) representing a mean of 8.6 species (range 6-18) was collected from the 10 sites (4 matched pairs and 2 extra replicates).
In 3 of the 4 pairs, the number of beetles collected was significantly greater on the organic sites (Table 2 ). In the other pair, the organic site had a greater abundance of beetles, although not significantly so. Each of the organic sites also had a greater species richness (in terms of total species collected) than did the matched conventional site. Agreement between replicates of the same treatment (2-0 and 2-0' and 4-C and 4-C') in terms of beetle abundance was excellent. Agreement with respect to species richness (11 vs. 11 and 8 vs. 6) was also good. Table 2 Total species 18 11 11 11 5 8 6 12 6 8 lack of sensitivity of H' to changes in the community is a result of the lack of change in dominance.
Also presented in
Although H' and d are nonparametric indices, both a and D (when S >10) are influenced by the underlying distribution of species abundance (May 1975) . It was not possible from the data to discriminate between the various species abundance models. However, the ability of a diversity measure to discriminate change due to environmental disruption can be more important than its fit to a model of species abundance (Kempton and Taylor 1974) , as is true in this study.
In Table 3 , the paired data are analyzed statistically.
Although abundance and species richness both differ significantly between treatments, none of the indices of diversity do. The Shannon-Wiener Index, simple dominance, and the Simpson-Yule Index all have relatively little sensitivity to the community change suggested by abundance and species richness data. Fisher's a, preferred if the species abundance data truly reflects a log series, is more sensitive than the other indices but is less sensitive than simple abundance and species richness.
As a source for comparison, we have calculated the same indices for data on carabids given in a study of the pollution effects of a paper mill (Freitag et al. 1973 ). These are given in Table 4 . Freitag and coworkers sampled beetles throughout a season (the data in Table 4 represent cumulative totals), rather than over a few days as in this study, and presumably had (1) to quantify the intrinsic structural diversity of communities or ecosystems, and (2) to assess structural changes to communities subject to disruption, particularly by pollution. It is the latter purpose that will be the subject of discussion.
Often environmental impact analysis consists of "before and after" studies or studies with only partial controls. Reliance on simple abundance in such stud- This experiment, due to the highly controlled nature of the environments studied and the opportunity for replication, afforded an excellent opportunity to test the utility of various indices of community structure.
The conclusion is that the beetles responded to change; the diversity indices did not.
The data presented show that treatment differences resulted in marked differences in the carabid fauna.
This finding is of some import to agriculture because carabids can serve as important agents of biological control (Thiele 1977) . However, reliance on diversity indices would have resulted in the conclusion that the treatments studied left the carabid communities relatively unaffected. Without knowledge of the strict controls in this experiment, the differences in abundance might well have been credited to uncontrolled variables external to the treatment differences.
Stressed communities can respond to pollution (1974) to be the best measure of community diversity.
In the carabid community studied, S was a consistent indicator of change; d was not.
The diversity indices discussed above are only a small subset of all extant indices. Southwood (1978) comments on their "explosive speciation." Little is to be served by examining other indices for the data presented here. Indeed, many diversity indices are interrelated (May 1975) . Other promising approaches to analyzing changes in community structure, (cluster analysis is one example [Williams 1971 ]), result from a different philosophy of experimentation. Unlike the experiment described here, in which all parameters but treatment differences were identical for each pair, cluster analysis and other multivariate techniques are designed to make sense out of data in which most parameters are uncontrolled.
In conclusion, the use of diversity indices has been This study offers no support, even on a pragmatic basis, for their use in evaluating changes in ground beetle community structure. Extrapolation from one taxon to another, or to an entire community, must be done with caution, but the results presented should make investigators suspect the use of diversity indices unless they have been proven valid for a particular use.
In reviewing successful applications of diversity indices, Green (1979) , however, found that other data presented in all such studies was sufficient to answer the questions posed, making the use of diversity indices a redundant and superfluous activity, even when successful.
